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People whose birthweights were towards the lower end of the normal range are at increased risk of coronary heart
disease. This is attributed to foetal programming through malnutrition, but the cause of the malnutrition is unknown.

We studied 6975 men born in Helsinki during 1934—44. Their size at birth was recorded. Babies who later developed
coronary heart disease tended to have a low ponderal index (birthweight/length3). Three different placental pheno-
types predicted the disease. In primiparous mothers who were short, having below median height, the hazard ratio
for the disease was 1.14 (95% confidence interval 1.08—1.21, P < 0.0001) for each centimetre increase in the differ-
ence between the length and breadth of the placental surface. In tall mothers whose body mass index was above the
median, the hazard ratio was 1.25 (1.10—1.42, P = 0.0007) per 40 cm? decrease in the surface area. In tall mothers
whose body mass index was below the median, the hazard ratio was 1.07 (1.02—-1.13, P = 0.01) per 1% increase in
the placental weight/birthweight ratio.

Three different combinations of maternal and placental size predicted coronary heart disease. The mother’s body size
determines the availability of nutrients and is linked to the development and function of the placenta, reflected in its
shape and size. We speculate that variations in three processes of normal placental development lead to foetal
malnutrition. The processes are (i) implantation and spiral artery invasion, (i) growth of the chorionic surface,
and (iii) compensatory expansion of the chorionic surface.

Foetal programming e Birthweight e Maternal body size e Placental size e Coronary disease e Placenta e
Epidemiology

Introduction

People who, although born at term, had birthweights towards the
lower end of the normal range are at increased risk of coronary
heart disease."™* This is thought to reflect foetal programming,
the process whereby malnutrition in utero, and consequent small
body size at birth, alters gene expression and leads to lifelong
changes in the body’s organs and systems.” A baby's nutrition
depends not only on its mother’s diet during pregnancy but also
on her lifetime nutrition and metabolism, which are reflected in
her height and weight.®

A baby’s nutrition also depends on the placenta’s ability to trans-
port nutrients to it from its mother’s blood.” Placental weight

correlates with birthweight and placental size is therefore related
to its function.® In some circumstances a foetus that is undernour-
ished in mid-gestation can expand the placental surface to extract
more nutrients from the mother.”"'® This leads to a high placental
weight in relation to birthweight. Both low placental weight and
high placental weight in relation to birthweight have been shown
to predict coronary heart disease."™"* This indicates that placental
size is linked to the foetal programming of coronary heart disease.

Placental weight is a crude marker of placental size because it
does not distinguish the size of the surface from the thickness.
Growth of the surface reflects recruitment of maternal spiral
arteries while thickness reflects the depth of invasion of the
maternal endometrium.’® Recruitment of sufficient spiral arteries,
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and adequate invasion of the recruited arteries are both pre-
requisites for normal placental function. We have been able to
examine, for the first time, how the size and shape of the placental
surface relate to coronary heart disease. The Helsinki Birth Cohort
comprises men and women born during 1934—44, for whom the
size of the placental surface was routinely recorded.*'® A priori
it is likely that the contribution of placental size to foetal program-
ming will depend on the mother’s nutritional history, reflected in
her body size. We have therefore examined the effects of the
placental surface within different categories of the mother’s body
size. We hypothesized that the association between low birth-
weight and coronary heart disease reflects combinations of
maternal body size and placental size that restrict foetal nutrition
and growth and programme the foetus.

Methods

The Helsinki Birth Cohort includes 6975 men who were born in the
city during 1934—44 and went to child welfare clinics. They were
born in either the University Central Hospital or in the Maternity Hos-
pital. Details of the birth records have been described.* They include
the mother’s height and weight in late pregnancy, her age and parity,
and the date of her last menstrual period. The weight and length of
the baby were recorded, and we calculated the ponderal index (birth-
weight/length®). The records also include the weight of the placenta,
together with the maximal so-called ‘diameter’ of the surface and a
lesser ‘diameter’ bisecting it at right angles.'® We refer to these diam-
eters as the length and breadth of the surface. They were measured
because, in the past, it was recognized that the placental surface is
more oval than circular and the two diameters were used routinely
to describe this."* The placental measurements were correlated, r =
0.58 for length and breadth, 0.50 for weight and length, and 0.45 for
weight and breadth. Assuming an elliptical surface, we estimated the
surface area of the placenta as length x breadth x m/4. We used the
difference between the length and breadth to determine the degree
of ovality of the placental surface. Assuming a constant density we
estimated the thickness of the placenta as weight divided by area.

We used the father’s occupation to define the mother’s social class.
Based on a classification from Statistics Finland fathers were grouped
into upper and lower-middle class and manual workers. The men’s
own occupations, recorded at successive 5-year censuses from 1970
to 2000, were obtained from Statistics Finland, who grouped them
into four categories—higher official, lower official, self-employed,
and manual worker. We used the highest category attained. Using
the personal identification number assigned to each Finnish citizen,
we identified all hospital admissions and deaths from coronary heart
disease among the men during 1971-2003. In ascertaining coronary
heart disease, we used the international classification of diseases
(ICD) codes that define myocardial infarction and ischaemic heart
disease: ICD-8 and ICD-9 codes 410-414 and in ICD-10 codes
121-125. All hospital discharges in Finland are recorded in the national
hospital discharge register, and all deaths are recorded in the national
mortality register. In all, 655 men had either been admitted or had died
from coronary heart disease. The equivalent figure for women was 166
and we therefore restricted our analyses to men.

Statistical methods

The endpoint for our survival analysis was the first admission to hos-
pital with coronary heart disease, or death from the disease. Men were
censored in the analysis when they migrated from Finland or died. The

Table I Mean (SD) size of mothers, placentas, and
babies

Mothers
Height (cm) 159.8 (5.8)
Weight (kg) 67.0 (8.2)
Body mass index (kg/m?) 26.2 (2.9)
Placentas
Weight (g) 651 (120)
Length (cm) 19.5 (2.1)
Breadth (cm) 17.0 (2.2)
Area (cm?) 262 (55)
Length minus breadth (cm) 2.6 (2.0)
Babies
Birthweight (g) 3475 (480)
Placental/birthweight (%) 18.8 (3.0)
Length (cm) 50.6 (1.9)
Ponderal index (kg/m°) 26.7 (2.3)

median age at the end of follow-up was 60.8 years (interquartile range
58.4-63.2). We used a Cox proportional hazards model to calculate
the hazard ratios for coronary heart disease for a unit increase in
the measurements of maternal, placental, and birth size, and the
length of gestation. To determine the statistical significance of trends
in coronary heart disease, the measurements were analysed as
continuous variables although they are presented in the tables as
groups. The significance tests were two sided and we used P = 0.05
as the threshold for statistical significance. In previous analyses of
hypertension, we divided the mothers around their median height as
associations with placental size differed in short and tall mothers.'
We used the same division in the current analyses, in which we also
subdivided the mothers according to their median body mass index
in pregnancy. We also examined primiparous and multiparous
mothers separately because the processes of placentation are different
in first and later pregnancies. Our software was SPSS version 15.

Results

There were 655 cases of coronary heart disease, 211 of whom had
died. Table 1 shows the mean size of the mothers, placentas, and
newborn babies. Neither the mother’s height, weight, age nor
parity predicted coronary heart disease, and the disease was unre-
lated to the length of gestation. Table 2 shows hazard ratios for
coronary heart disease according to the men’s body size and
placental size at birth. The disease was associated with low birth-
weight (data not shown, P for trend = 0.0006) and more strongly
with low ponderal index (Table 2). Hazard ratios increased with
reduced breadth of the placental surface (P= 0.01). There was
no similar trend with the length of the surface and hazard ratios
therefore increased as the difference between the length and
breadth increased, that is, as the placental surface became more
oval (Table 2).

We divided the men around the median height of their mothers
(160 cm). Table 2 shows that the trend in coronary heart disease
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Table 2 Hazard ratios for coronary heart disease according to neonatal measurements and mother’s height

Neonatal measurement

All mothers

Mother’s height < 160 cm

Mother’s height > 160 cm

HR (95% CI) Cases/men
Ponderal index (kg/m°)
<25 15 (1.1-19) 165/1386
—26.5 14 (1.1-1.8) 183/1570
—28.5 12 (1.0-15) 204/2024
>285 1.0 (baseline) 99/1252
P for trend <0.001
Placental weight (kg)
<0.55 12 (1.0-1.6) 151/1378
—0.65 1.1(09-14) 208/2107
—0.75 1.3 (1.0-1.6) 190/1660
>0.75 1.0 (baseline) 105/1120
P for trend 0.1
Placental area (cm?)
<225 12 (1.0-15) 168/1389
—255 0.9 (0.8-1.2) 159/1679
—295 1.1 (09-14) 174/1589
>295 1.0 (baseline) 152/1585
P for trend 0.1
Length minus breadth (cm)
<1 1.0 (baseline) 184/1972
-2 1.1(09-14) 181/1758
-3 1.3 (1.0-1.6) 126/1023
>3 1.1(09-14) 162/1489
P for trend 0.02
Placental/birthweight (%)
<16.5 1.0 (baseline) 119/1322
—185 12 (1.0-1.5) 189/1780
—20.5 1.1(09-14) 166/1583
>20.5 12 (1.0-15) 180/1580
P for trend 0.5

HR (95% CI) Cases/men HR (95% CI) Cases/men
1.3 (0.9-1.8) 95/814 1.7 (1.2-25) 70/572
14 (1.0-2.0) 115/884 14 (0.9-2.0) 68/686
1.1 (0.8-1.5) 109/1091 14 (1.0-2.1) 95/933
1.0 (baseline) 58/647 1.0 (baseline) 41/605
0.01 0.007

12 (0.9-1.6) 100/857 1.2 (0.8-1.8) 51/521
0.9 (0.7-1.3) 111/1185 1.3 (0.9-1.9) 971922
1.3 (0.9-1.8) 112/872 1.3 (0.9-1.8) 78/788
1.0 (baseline) 56/548 1.0 (baseline) 49/572
0.5 0.1

1.0 (0.8-1.3) 100/827 15 (1.1-2.1) 68/562
0.8 (0.6—1.1) 92/954 1.1 (0.8-1.6) 67/725
1.0 (0.7-1.3) 96/866 14 (1.0-1.9) 78/723
1.0 (baseline) 911799 1.0 (baseline) 61/786
0.6 0.08

1.0 (baseline) 103/1110 1.0 (baseline) 81/862
1.2 (0.9-1.6) 103/954 1.0 (0.7-14) 78/804
12 (09-1.7) 66/561 1.3 (0.9-1.8) 60/462
14 (1.1-19) 107/821 0.8 (0.6-1.1) 55/668
<0.001 0.8

1.0 (baseline) 731719 1.0 (baseline) 46/603
1.1 (0.8-1.5) 109/972 1.3 (0.9-1.9) 80/808
1.1 (0.8-1.5) 99/882 1.2 (0.8-1.8) 67/701
1.1 (0.8-1.5) 98/889 14 (1.0-2.0) 82/691
0.8 0.2

HR, hazard ratio; Cl, confidence interval.

with an oval placental surface was confined to men with short
mothers. The interaction between the effects of ovality and
mother’s height was statistically significant (P for interaction =
0.03). We examined whether the effect of ovality varied with
the mother’s parity. Table 3 and Figure 1 show that the effect
was confined to men whose mothers were primiparous. In these
men, the hazard ratio for coronary heart disease was 1.14 (95%
confidence interval 1.08—1.21, P < 0.0001) for each centimetre
increase in the difference between the length and breadth of the
placental surface. The interaction between the effects of ovality
and mother’s parity was strongly statistically significant (Table 3).
The interaction was unchanged by exclusion of pregnancies com-
plicated by pre-eclampsia.

We further subdivided the mothers around their median body
mass index in pregnancy (26 kg/m?). Among men whose
mothers were short, the effects of an oval placenta on later

coronary heart disease did not differ in the two maternal body
mass index groups. Table 4 shows, however, that among men
whose mothers were tall there were different associations
between placental size and coronary heart disease in the two
body mass index groups. In men whose mother’s body mass
index was above the median, coronary heart disease was associ-
ated with low placental weight and small placental area (Table 4).
In these men the hazard ratio was 1.25 (1.10—1.42, P = 0.0007)
per 40 cm? decrease in the surface area. We examined the
effects of low placental area across the entire range of mother’s
body mass index. The effects of low area on the risk of coronary
heart disease rose progressively with increasing maternal body
mass index (P for interaction = 0.01).

In men whose mother’s body mass index was below the median
(Table 4), coronary heart disease was related to a high ratio of pla-
cental weight to birthweight and a high ratio of placental area to
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Table 3 Hazard ratios for coronary heart disease in
men born to short mothers, with height < 160 cm,
according to parity and the difference in placental
length and breadth

Length minus Parity

breadth (cm) F;_.i;‘:l.i.P”a.':(;l.l.s ...........................................

Cases/ HR (95% Cl) Cases/ HR (95% Cl)
men men

0,1 44/497 1.0 (baseline) 62/641 1.0 (baseline)
2,3 791725 1.3 (0.9-1.8) 96/816 1.2 (0.9-1.7)
4,5 36/300 14 (0.9-2.1) 34/289 1.3 (0.8-1.9)
>6 29/117 3.1 (1.9-5.0) 9/129 0.7 (0.4-1.5)
P for trend <0.001 0.9

P for interaction 0.003
HR, hazard ratio; Cl, confidence interval.

59 Primips Multips
Hazard P for trend < 0.001 P for trend = 0.9
ratio -

(95% CI)

P for interaction = 0.003

(L T

T T
0.1 23 45 6+ 23 45 6+

Length minus breadth (¢m)

Figure | Hazard ratios for coronary heart disease according to
the difference between the length and breadth of the placental
surface, in men born to short mothers.

birthweight (P = 0.02). In these men the hazard ratio was 1.07
(1.02-1.13, P=0.01) per 1% increase in the placental weight/
birthweight ratio. In none of the three placental phenotypes that
predicted coronary heart disease (Tables 2 and 4) was the
disease associated with placental thickness.

Interactions with birthweight

We examined whether the effects of placental size on later
coronary heart disease interacted with the effects of birthweight.
Treating birthweight as a continuous measure, there were no inter-
actions between any placental measurement and birthweight.

Social class

Placental size was not related to the mother’s social class or to the
men’s own social class. The associations between placental size and
coronary heart disease were little changed by adjustment for either
social class.

Table 4 Hazard ratios for coronary heart disease in
men born to tall mothers, with height > 160 cm,
according to neonatal measurements and mother’s
body mass index

Mother’s Mother’s
BMI < 26 kg/m? BMI > 26 kg/m?

HR (95% Cl) Cases/ HR (95% Cl) Cases/

Neonatal
measurement

men men
135/ (140/
1536) 1275)
Ponderal index (kg/m®)
<25 1.8 (1.0-3.1) 41/357 19 (1.1-3.2) 29/215
—265 13 (0.7-23) 31/380 1.6 (0.9-2.7) 37/306
—285 14 (0.8-25) 45/505 1.5 (0.9-2.4) 50/428
>285 1.0 (baseline) 18/288 1.0 (baseline) 23/317
P for trend 0.05 0.01

Placental weight (g)

<550 0.8 (0.4-1.3) 26/335 22(1.3-40) 25/186
—650 0.9 (0.6—1.5) 49/526 1.9 (1.2-32) 48/396
—750 0.8 (0.5-14) 34/416 1.8 (1.1-3.1) 44/372
>750 1.0 (baseline) 26/254 1.0 (baseline) 23/318

P for trend 0.5 0.002

Placental area (cm?)

<225 1.0 (0.6-1.7) 30/339 22 (14-3.7) 38/223

—255 1.0 (0.6-1.6) 36/427 1.3 (0.8-2.2) 31/298

—295 1.1(07-19) 36/379 1.7 (1.0-2.7) 42/344

>295 1.0 (baseline) 32/380 1.0 (baseline) 29/406
P for trend 0.5 <0.001

Length minus
breadth (cm)

<1 1.0 (baseline) 38/474 1.0 (baseline) 43/388
-2 1.0 (0.7-1.6) 36/439 1.0 (0.6—1.5) 42/365
-3 1.5 (0.9-24) 32/257 12 (0.7-19) 28/205
>3 0.9 (0.6—1.5) 28/355 0.7 (0.4-1.1) 27/313
P for trend 0.9 0.8
Placental/birth
weight (%)
<165 1.0 (baseline) 23/317 1.0 (baseline) 23/286
—185 09 (0.5-1.6) 29/439 1.8 (1.1-2.9) 51/369
—20.5 1.1(0.7-19) 32/383 1.3 (0.8-22) 35/318
>20.5 1.8 (1.1-3.0) 51/392 1.1 (0.6-1.8) 31/299
P for trend 0.01 0.5

HR, hazard ratio; Cl, confidence interval; BMI, body mass index.

Discussion

We found that three combinations of maternal body size and pla-
cental size predicted later coronary heart disease in men. The
disease was associated with (i) an oval placental surface in short
mothers, (i) a small placental surface in tall mothers whose
body mass index was above the median, and (iii) a large placental
surface in relation to birthweight in tall mothers whose body mass
index was below the median. These associations were independent
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of the men’s social class or the social class of the family into which
they were born.

In each combination of maternal body size and placental size the
babies that later developed coronary heart disease tended to have
a low ponderal index, indicating that they were undernourished.”
The three maternal—placental phenotypes may reflect three differ-
ent circumstances in which a foetus becomes undernourished, and
coronary heart disease is programmed. A foetus may be under-
nourished because the mother’s nutritional state and metabolism,
which are reflected in her body size, limit the availability of nutri-
ents at the placental surface. Alternatively, the mother’s nutritional
state and metabolism may adversely affect the development and
function of the placenta. Thus, the predictions of coronary heart
disease by placental size and shape are conditioned by the
mother’s body size. For this reason, as we have previously found
in analyses of hypertension,'® analyses of the association
between placental measurements and coronary heart disease
required subgroups of mothers defined by their body size.

Oval placental surface

We have previously shown that the placentas of babies born after
pregnancies complicated by pre-eclampsia had a more oval-shaped
surface than those from normotensive pregnancies.” Pre-
eclampsia was associated with reduced breadth of the surface
but not reduced length. We concluded that disruption of implan-
tation, such as occurs in pre-eclampsia,'® has a greater effect on
growth along the breadth and therefore results in an oval-shaped
surface.

The association between an oval placenta and coronary heart
disease was confined to men whose mothers were primiparous
(Figure 1). Pre-eclampsia is largely confined to first pregnancies.’®
The processes of early placentation, which include remodelling
of the spiral arteries, differ in first and later pregnancies."” Spiral
arteries being remodelled for the first time differ from those
that have been remodelled before. We conclude that an oval pla-
cental surface is a marker of disrupted early placentation that
occurs in first pregnancies, leads to foetal undernutrition and pro-
grammes coronary heart disease. An oval placenta only predicted
coronary heart disease in men with short mothers, who are known
to be less metabolically competent than tall mothers, having lower
rates of protein synthesis during pregnancy.'® Their foetuses are,
therefore, more vulnerable to undernutrition if placental develop-
ment is disrupted.

Small placental surface

In the second placental phenotype, the surface area and weight of
the placenta were reduced. In normal pregnancy placental growth
precedes foetal growth and restriction of placental growth jeopar-
dizes the nutrition of the foetus in mid-gesta‘cion.g‘13 Placental
growth depends on the structure and function of the mother’s
uterine wall, which is established during her early development.
Foetal growth depends on the availability of nutrients. Restricted
placental growth may, paradoxically, have a greater effect in
babies who are growing rapidly because their mothers are well
nourished. In the present study, small placental area predicted cor-
onary heart disease in mothers who were tall and whose body
mass index in pregnancy was above the median. These are likely

to have been the best-nourished mothers. We therefore speculate
that their foetuses were able to grow rapidly but the placenta
restricted their growth in mid-gestation so that they had a low
ponderal index at birth.

Large placental surface in relation
to birthweight

In the third placental phenotype, the weight and surface area of the
placentas were large in relation to birthweight. If ewes are put in
poor pasture in mid-pregnancy, so that they become undernour-
ished, the foetus responds by expanding the area of the placenta
to extract more nutrients from the mother.” If the ewes are
returned to good pasture in late gestation, this placental expansion
results in a larger lamb than there would otherwise have been. This
is profitable for the farmer, and manipulation of placental size by
changing the pasture of pregnant ewes is standard practice in
sheep farming. There is evidence that similar compensatory placen-
tal expansion occurs in humans.'® Compensatory expansion may
be beneficial in some circumstances but if the compensation is
inadequate, and the foetus continues to be undernourished, the
need to share its nutrients with an enlarged placenta may
become a metabolic burden, and the foetus may become thin. In
sheep, compensatory expansion can only occur if the ewe was
well nourished at the time of mating.” Our findings are consistent
with this in that the association between coronary heart disease
and a large placental area in relation to birthweight only occurred
in men whose mothers were tall, but whose body mass index in
pregnancy was below the median. The mother’s tall stature indi-
cates good nutrition before pregnancy, while their low body
mass index may indicate poor nutrition during pregnancy.'’

Foetal undernutrition and heart
development

There are a number of ways in which placental size and foetal
undernutrition could initiate coronary heart disease. Foetal under-
nutrition, reflected in low birthweight, is known to be associated
with structural abnormalities in the myocardium of children.?® It
also predicts a number of coronary risk factors in adult life, includ-
ing hypertension, type 2 diabetes, and the metabolic syndrome.”
An oval placental surface may be a marker of foetal undernutrition
throughout gestation and, depending on the mother, may be
associated with these risk factors. A small placental surface has
direct effects on the development of the heart in sheep. It sup-
presses foetal myocyte proliferation and depresses the rate of car-
diomyocyte maturation.”™? At birth the heart contains an
inadequate endowment of cardiomyocytes. As the number of cor-
onary microvessels is linked to myocyte number, the heart also has
an inadequate coronary tree. These are lifelong changes. Consist-
ent with this, in the Helsinki Birth Cohort reduced placental area
is associated with chronic heart failure in later life.”? Compensa-
tory expansion of the placental surface occurs in sheep during mid-
gestation and any adverse metabolic consequences for the foetus
are evident in late gestation. In humans, a high placental weight
in relation to birthweight is associated with hypertension in later
life.>*** Late gestation is a critical period for renal development
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during which nephron number is established for life, and reduced
nephron number has been proposed as a cause of hyper’cension.26

Limitations of the study

The placental measurements in our study were made during
routine obstetric practice 70 years ago. Routine measurements
of the placental diameters ceased in Helsinki in the 1970s. We
have discussed the simple procedures used with people who
worked as midwives at that time. The quality of the measurements
was not routinely checked, just as there are no routine checks of
other clinical measurements, such as blood pressure. The mean
placental weight in our study was above the median recorded in
a recent series of deliveries in Europe.”” One explanation for
this could be that the cord and membranes were not trimmed
prior to weighing. This would make our estimates of placental
thickness less accurate. Measurement errors would tend to dimin-
ish associations between placental size and coronary heart disease
in later life. The mothers in our study were weighed in late
gestation and we are not able to distinguish the effects of
pre-pregnancy body mass from those of weight gain in pregnancy.
Our study was restricted to people who had visited child welfare
clinics. Although the majority of children visited these clinics, which
were free, the visits were voluntary. The people in our study may
not be representative of all people now living in Helsinki, although
at birth their social class distribution was similar to that in the city
as a whole.* We identified men with coronary heart disease using
the national hospital discharge and mortality registers. The validity
of these registers has been established.”®**’ Our ascertainment of
coronary heart disease began in 1970 when the hospital admission
register was established. We may therefore have omitted a few
men who developed the disease at an unusually young age. The
findings in our study cannot be extended to women among
whom coronary heart disease is associated with short length at
birth rather than thinness.* We do not have data on the standard
coronary risk factors among the men, and therefore cannot deter-
mine the extent to which the associations between coronary heart
disease and maternal and placental size are mediated through these
risk factors.

Conclusions

Three combinations of maternal body size and placental size pre-
dicted later coronary heart disease in men. The disease was associ-
ated with (i) an oval placental surface in short mothers, (i) a small
placental surface in tall mothers whose body mass index was above
the median, and (iii) a large placental surface in relation to birth-
weight in tall mothers whose body mass index was below the
median. In each combination the babies that later developed cor-
onary heart disease tended to have a low ponderal index, indicating
that they were undernourished. We speculate that variations in
three processes of normal placental development lead to foetal
malnutrition and programme coronary heart disease. We suggest
that mother’s body size determines whether a placental phenotype
programmes coronary heart disease because it reflects the avail-
ability of nutrients at the placental surface, and because it affects
the development and function of the placenta.
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Porcelain aorta
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A 60-year-old Caucasian male with a history of
6-week mantle radiation to the chest for Hodg-
kin’s lymphoma in 1968 presented with sympto-
matic severe aortic stenosis and low STS
(Society of Thoracic Surgeons) score. Primary
median sternotomy for aortic valve replace-
ment was attempted and aborted due to
severe plaque-like, diffuse calcification of the
ascending aorta (porcelain aorta), which ren-
dered it unclampable. Chest roentgenogram
(Panel A) revealed calcific demarcation of the
ascending aorta and arch (arrows). Transthor-
acic echocardiogram parasternal long-axis
view was not significantly revealing (Panel B,
Supplementary material, Video 1) and aorta
calcification not acknowledged by report.
Transesophageal echocardiogram (Panel C, Sup-
plementary material, Video 2) showed a promi-
nent anterior ascending aorta calcific shelf
(arrows) with prominent acoustic shadowing
(S). Fluoroscopy during coronary angiogram
was suggestive of severe anterior ascending
aorta calcification (Panel D, Supplementary
material, Video 3). The ascending aorta was
virtually encased in calcium on non-contrast
computed tomography (Panel E). Three-
dimensional reconstruction exposed the sites
of dense calcium accretion (Panel F, arrows).
The patient was referred to our care and
received percutaneous transfemoral aortic
valve replacement as part of the PARTNER
(Placement of Aortic Transcatheter Valves)
trial, with excellent result. The US PARTNER
experience demonstrated that up to 15% of

patients with contraindication to open aortic
valve replacement may bear a porcelain aorta
despite a low STS score. Thus, cardiologists must be attentive to diagnosing this condition which is readily apparent on chest
X-ray, fluoroscopy, computed tomography, and less so on transthoracic echocardiogram. Early diagnosis may prevent high risk or
aborted sternotomies and appropriate referral for catheter-based valve implantation techniques. LA, left atrium; LV, left ventricle;
S, acoustic shadowing; Aa, ascending aorta; A, arch; Da, descending aorta.

Supplementary material
Supplementary material is available at European Heart Journal online.
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